This article describes the development and usability of an audio computer-assisted self-interviewing (ACASI) questionnaire created to collect dietary, physical activity, medical history, and other lifestyle data in a population of American Indians. Study participants were part of a cohort of American Indians living in the southwestern United States. Data were collected between March 2004 and July 2005. Information for evaluating questionnaire usability and acceptability was collected from three different sources: baseline study data, auxiliary background data, and a short questionnaire administered to a subset of study participants. For the subset of participants, 39.6% reported not having used a computer in the past year. The ACASI questionnaires were well accepted: 96.0% of the subset of participants reported finding them enjoyable to use, 97.2% reported that they were easy to use, and 82.6% preferred them for future questionnaires. A lower educational level and infrequent computer use in the past year were predictors of having usability trouble. These results indicate that the ACASI questionnaire is both an acceptable and a preferable mode of data collection in this population. data collection; epidemiologic methods; Indians, North American; interviews; pilot projects; questionnaires; software; user-computer interface Abbreviations: ACASI, audio computer-assisted self-interviewing; DHQ, Diet History Questionnaire; EARTH, Education and Research Towards Health; HLPA, Health, Lifestyle, and Physical Activity Questionnaire.
Audio computer-assisted self-interviewing (ACASI) is a new method of collecting questionnaire data for epidemiologic studies (1, 2) . In ACASI, the respondent completes a self-administered questionnaire using a computer, with recorded audio simultaneously reading the questions, answer categories, or instructions as they appear on the screen. ACASI questionnaires have mainly been used to ask sensitive questions, since answers about risky or sensitive behaviors given to personal interviewers are more likely to be biased (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) .
There are other advantages of using ACASI: Trained interviewers can give instructions but do not have to be present during the entire interview or can be present at less than a 1:1 ratio; ACASI can alleviate literacy problems, since questions and answers are read aloud; and the questionnaire can be administered in multiple languages. ACASI has preprogrammed skip patterns, thus eliminating navigational problems associated with self-administered paper questionnaires. Preprogrammed range checks can be built in to identify improbable answers. Answers are entered directly into the computer, making data available almost immediately. ACASI allows questionnaire designers to use graphics, making it possible to use pictures, which are comparable to show cards.
In this paper, we report on the development, usability, and acceptability of two ACASI questionnaires created for a study of American Indians. We describe their development and present usability and acceptability data from a short usability questionnaire administered to a subset of participants. We present background data and discuss the characteristics of participants who had trouble using the questionnaires.
MATERIALS AND METHODS

Study background
The Navajo Education and Research Towards Health (EARTH) Study is part of a multicenter study funded to 1) develop valid methods of collecting data on diet, physical activity, and lifestyle factors for use in a cohort of American Indians and Alaska Natives and 2) develop methods of providing rapid feedback to participants and local communities that can be used to monitor health and plan health programs. Participants are aged 18 years or older, self-identify as American Indian or Alaska Native, have given informed consent, understand English or Navajo, and are eligible to receive health care from the Indian Health Service. Participation involves visiting a study site to complete study questionnaires and have blood pressure, blood lipid, and body size measurements taken. The institutional review boards of the University of Utah, the Indian Health Service, and the Navajo Nation approved the study. Additionally, local health boards and chapters within local health boards approved and supported the study.
Questionnaire development
Two questionnaires were developed by study investigators-the Diet History Questionnaire (DHQ) and the Health, Lifestyle, and Physical Activity Questionnaire (HLPA)-and programmed for administration by touch-screen ACASI. Questionnaire design, computerization, and usability testing were conducted at the EARTH coordinating center and the field offices.
The initial visual design and layout of the computer screens was developed using established principles for developing self-administered paper questionnaires and computerassisted interviewing (11) (12) (13) (14) (15) . Each screen contained only one question, except for multipart frequency and serving size/intensity questions in the diet and physical activity sections. No drop-down boxes were used. The use of graphics and color was kept to a minimum. Usability standards were applied in the design process, with the goals being consistent screen design, visual discrimination among various elements, adherence to normal reading behavior, displaying instructions at a point appropriate to the task, and eliminating clutter and unnecessary information that could distract users from immediate tasks (12, (15) (16) (17) (18) (19) . Each screen had NEXT, HELP, LANGUAGE, and BACK buttons. The NEXT button had to be selected to go on to the next question; the HELP button went to a screen with additional information on the question; the LANGUAGE button changed the language of the audio; and the BACK button took the participant back to the previous screen. English and Navajo scripts of the finalized questions were prepared, and audio files were recorded and saved as computer waveform audio files. Because of the length of the questionnaires, answer categories were not recorded and read. The waveform audio files were edited for uniform volume and consistent silence at the beginning and end and then converted to the MP3 format because of file-size considerations.
Usability was tested in three phases evaluating the characteristics of learnability, efficiency, memorability, error handling, and subjective satisfaction (18, 20) . First, students from a graduate nutrition class completed the questionnaires while being observed and videotaped by study staff. Students were encouraged to think aloud while completing the questionnaires. These videotapes were coded using a standardized coding scheme. During phases 2 and 3, questionnaires were administered to volunteers at the field offices. Because it was not possible to videotape these volunteers, a trained observer coded behavior as the questionnaires were completed. Changes to the design of the ACASI screens were made after each phase. Table 1 lists the final screen types used in the questionnaires. Figure 1 shows an example of a DHQ single-answer categorical response screen. The Web figure (posted on the Journal's website (http://aje. oxfordjournals.org/)) contains an example of a DHQ frequency and serving-size screen question sequence.
Data collection
The ACASI questionnaires were administered on touchscreen panels. Study staff gave participants standardized instructions that included information on using headphones, answering questions, changing answers, clearing numeric answers, and using the NEXT, BACK, HELP, and LANGUAGE buttons. The staff remained with the participant through the first few questions of each questionnaire to make sure the participant did not have additional questions. Between March 15, 2004 , and July 15, 2005, 2,946 participants completed the study visit.
Paradata
The ACASI software recorded background paradata (data about the process of data collection obtained through time stamps, keystroke files, and trace files) that identified usability issues (17, 21) . Paradata were available for 1,612 of the 2,946 participants. Variables created from the paradata included completion times and numbers of times that the audio was repeated, the skip pop-up appeared, questions were skipped, the range check pop-ups appeared, and the HELP and LANGUAGE buttons were used.
Usability questionnaire
Participants who completed a study visit between April 14, 2005, and July 15, 2005 (n ¼ 688) were asked to complete a self-administered 14-question paper usability questionnaire at the end of the visit. Of these persons, 604 (87.8 percent) completed the usability questionnaire. Participants were asked about their computer use during the past year; whether they agreed or disagreed (on a five-item Likert scale) that 1) more instructions about using the touch screens were needed, 2) the touch screens were very easy to use, and 3) they enjoyed using the computer to complete the questionnaire; which questionnaire method offered the most privacy; which questionnaire method they would prefer in the future; how often they had used the audio; and seven ''yes/ no/not applicable'' questions about specific problems they might have encountered while completing the questionnaires.
Statistical analysis
Demographic data, including data on education, employment, age, and marital status, were collected in an intervieweradministered questionnaire. Information on perceived health status, income, language spoken at home, and identification with Native culture was collected in the HLPA. Data from the usability questionnaire and paradata were linked to the data from the study visit.
Responses to usability questionnaire questions with a five-item Likert scale were collapsed to a three-item scale: agree (strongly agree/agree), disagree (strongly disagree/ disagree), and neutral (neither agree nor disagree). Computer use in the past year was categorized as none, infrequent (<12 times per year or 1-3 times per month), or frequent (once per week or more). Participants who said they 1) had a hard time understanding how to use the touch screens, 2) had trouble changing answers, or 3) had trouble with warning boxes were considered to have had difficulty using ACASI, and others were not. Participants were classified as having usability trouble if they 1) agreed that more instructions were needed, 2) disagreed that the questionnaire was easy to use, 3) said that they would prefer an in-person or self-administered paper questionnaire in the future, or 4) were classified as having difficulty using ACASI; others were considered not to have had usability trouble.
Statistical analysis was completed using the SAS system for Windows, version 9.0 (SAS Institute, Inc., Cary, North Carolina). Demographic characteristics for the study, usability questionnaire, and paradata participants are presented. Differences in the distribution of a categorical variable between two groups were assessed using chi-squared tests. y Numbers vary slightly because of item nonresponse. z For study participants (columns 2 and 3), ''beyond high school'' included some college/ technical school (26.7%), a technical school degree (5.9%), an associate degree (8.0%), a bachelor's degree (3.9%), or a graduate or professional degree (1.2%). For usability questionnaire participants (columns 4 and 5), ''beyond high school'' included some college/ technical school (22.5%), a technical school degree (4.5%), an associate degree (6.6%), a bachelor's degree (3.0%), or a graduate or professional degree (1.5%). For paradata participants (columns 6 and 7), ''beyond high school'' included some college/technical school (24.7%), a technical school degree (5.9%), an associate degree (8.1%), a bachelor's degree (3.7%), or a graduate or professional degree (1.4%).
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RESULTS
Study participants, those with paradata, and those who completed the usability questionnaire were similar demographically (table 2) . More study participants than usability participants (45.7 percent vs. 38.1 percent) reported education beyond high school.
Usability questionnaire participants had high acceptance of the ACASI questionnaires, with 96.0 percent reporting finding them enjoyable to use, 97.2 percent reporting that they were easy to use, and 82.6 percent preferring them for future questionnaires (table 3) . However, 62 percent indicated that they desired more directions, and 10.6 percent reported having difficulty using ACASI.
The mean completion time for the 1,612 paradata participants was 36 minutes for the DHQ and 29 minutes for the HLPA (data not shown). The DHQ was completed in less than 30 minutes by 34.7 percent of participants; 60.5 percent took 30-59 minutes, and 4.8 percent took 1 hour or more. The HLPA was completed in less than 30 minutes by 56.4 percent of participants; 43.1 percent took 30-59 minutes, and 0.5 percent took 1 hour or more. The HELP button was used by 7.8 percent of participants with the DHQ and 40.1 percent with the HLPA. The question text audio was replayed by 46.7 percent of participants with the DHQ and 47.9 percent with the HLPA.
The paradata revealed a usability problem. When an answer was selected, the button darkened. When the NEXT button was selected, it did not darken, resulting in its being selected twice in some instances. The skip/return pop-up then appeared, requiring the participant to skip or return to the question. Thirty-seven paradata participants did not receive this pop-up, 90 received it once, and 1,485 received it more than once, resulting in 305 participants having one or more questions skipped.
Responses to the usability questions varied for some demographic characteristics, as well as by computer experience in the past year, DHQ and HLPA completion time, and number of skip pop-ups received (table 4). Of the factors evaluated, lower educational level and less frequent computer use in the past year were associated with usability trouble (data not shown).
DISCUSSION
The usability and acceptability of the ACASI questionnaire was comparable to that of other studies (2, 3, 22, 23) . Acceptance was high, even though some participants experienced problems using the questionnaires and many (39.6 percent) had not used a computer during the past year. However, we identified a few problems with ACASI usability and acceptability. A considerable proportion of older participants reported more difficulty using ACASI (25.7 percent of those aged 60-69 years and 40.0 percent of those over age 69 years), and a majority wanted more instructions (70.3 percent of those aged 60-69 years and 90.0 percent of those over age 69 years). Acceptability was lower for participants with less education, who were least likely to prefer ACASI for the future, and the youngest participants, who found it the least private. In addition, only 71.4 percent of participants used the audio all or most of the time, with lower audio use being observed among participants who were retired (60.0 percent), spoke mostly Navajo at home (63.8 percent), or reported excellent or poor health (59.3 percent and 55.6 percent, respectively).
ACASI questionnaires were well accepted and usable in this mostly young (75.0 percent were aged 18-49 years) population and allowed for feedback to be given immediately after the study visit was completed as opposed to being mailed. Using ACASI allowed for less than a 1:1 ratio of staff to participants, thus reducing data collection costs. Investigators should consider using ACASI as an alternative to in-person or self-administered questionnaires in studies where participants come to a central study-visit site or for questions on sensitive topics. These methods also may be useful for Web-based data collection.
